A new paradodecatungstate-B compound, [{Co(H 2 O) 4 } 4 (H 4 W 12 O 42 )]·10H 2 O (1) of the polyoxometalate series has been synthesized and characterized by elemental analysis, IR and UV spectroscopy, TG analysis, and single-crystal X-ray diffraction. Compound 1 exhibits a unique 8-connected three-dimensional (3D) framework with a (4 2 · 8 20 · 12 6 ) topology. Moreover, 1 displays antiferromagnetic interactions in the 2 -300 K temperature range, well reproduced by a simulation procedure.
Introduction
Polyoxometalates (POMs), transition-metal oxide clusters, have obtained an extensive attention, not only because of their controllable shape and size, their high negative charges, and their oxo-enriched surfaces [1 -11] , but also because of their potential applications in catalysis, electrical conductivity, gas storage, ion exchange, and biological chemistry [12 -18] . In this field, a brand-new advance is the design and construction of intriguing high-dimensional and highly connected frameworks based on POMs. Currently, a promising approach for designing such frameworks is the use of the surface oxygen atoms of POMs for combinations with different transition metal complexes (TMCs). As a result, a series of high-dimensional and highly connected POM-based hybrid materials have been successfully synthesized [19 -25] . However, to construct high-dimensional and highly connected purely inorganic POM-based materials without the incorporation of additional organic ligands is still a challenge [26, 27] . This kind of materials is usually stable and insoluble in common organic solvents, which is very advantageous e. g. to expand the application of POM-based materials in chemically bulk-modified electrodes [28, 29] . Especially, the assembly of purely inorganic POM-based frameworks offers high potential for the formation of a new type of porous materials which combines the thermodynamic stability of 0932-0776 / 09 / 0700-0809 $ 06.00 c 2009 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com zeolites and mesoporous silicas [30] with the sophistication and versatility of metal-organic frameworks (MOFs) [31 -33] .
In POM chemistry, it is an important rule that the greater the charge density on the surface oxygen atoms of POMs, the more metal ions may coordinate to these units. Compared with well-known POMs, such as Keggin-, Anderson-, Wells-Dawson-, and Lindqvisttype POMs, the paradodecatungstate-B anions possess high charge density and 18 terminal and 18 bridging O atoms, which offer a variety of potential coordination sites to link metal ions and to make the formation of high-dimensional and highly connected frameworks easer. On the other hand, because of the multiple coordination requirements and oxophilicity of transi- clusters belonging to different layers, which extends the 2D layers containing Co1 into a 3D framework along the b axis (Fig. 2b) . (Fig. 3a) . In the 3D framework, there are two kinds of channels filled with free water molecules: a dumbbellshaped channel along the [1 0 0] direction and a ringshaped channel along the [0 0 1] direction, respectively ( Fig. 3b and c) . Calculations by PLATON have revealed that the van der Waals free space per unit cell (after the solvent-water molecules have been removed) is approximately 2022.3Å 3 , corresponding to 31.3 % of the unit cell volume.
A notable feature of the structure of 1 is that two terminal oxygen atoms linking Co1 and Co2 come from the same WO 6 octahedron of the angular open trimer with the Co-Co distance at 5.858Å and the Co-W-Co angle at 105.08 • . Such a structural motif of paradodecatungstate-B POMs is suitable to build highly connected architectures and can contribute to the magnetic properties of 1.
UV spectrum and thermal analysis
The UV spectrum of compound 1 is displayed in The TG analysis was carried out for 1 (Fig. 5) under N 2 atmosphere with a heating rate of 10 • C min −1 in the temperature range of 60 -600 • C. The curve shows two weight loss steps: The first continuous weight loss step below 450 • C corresponds to the loss of crystal water and coordinated water 11.8 % (calcd. 13.1 %). The second weight loss step of 1.1 % (calcd. 1.0 %) in the range of 450 -600 • C is ascribed to the release The total weight-loss (12.8 %) for 1 is consistent with the calculated value (13.6 %). It is notable that the temperature required for the loss of water molecules of 1 is 450 • C, which is higher than that of other systems [38, 39] , perhaps caused by the higher connectivity and dimensionality of the title compound.
Magnetic properties
The solid-state magnetic behavior of 1 has been investigated. The variable-temperature magnetic susceptibility was measured in the temperature range of 2 -300 K at a fixed field strength of 1000 O e and plotted as χ m T and χ m −1 versus T , as shown in Fig. 6 . The χ m T value of 1 slowly decreases from 10.17 cm 3 ·K·mol −1 at 300 K to 5.57 cm 3 ·K·mol −1 at 2 K, which in principle reveals paramagnetic behavior. The χ m T product at 300 K is higher than the spin-only value (g = 2.0) of 7.75 cm 3 ·K·mol −1 for four non-interacting Co 2+ ions (S = 3/2) probably due to the contribution of an orbital angular momentum at high temperature [40] . The χ m −1 versus T plot is almost linear in the range of 50 -300 K, closely following the Curie-Weiss law, giving a Curie constant C = 10.9 cm 3 ·K·mol −1 and a Weiss constant Θ = −22.5 K. The Weiss constant indicates that in 1 there exist weak antiferromagnetic interactions. On the basis of the connection modes of the Co(II) ions to the polyoxoanion in 1, the Co atoms (Co1 and Co2) connected to the WO 6 octahedron are considered as a Co 2 unit, and the others are described as isolated atoms (see Fig. 1 ). The susceptibility was simulated according to a model of dimeric [Co(II)] 2 plus two isolated Co(II) metal ions (S = 3/2) with the isotropic Heisenberg spin Hamiltonian for the dimer of
where S i is the spin operator for each metal ion (S i = 3/2 for Co(II) with i = 1 to 2) and J is the magnetic interaction in the nuclear unit. The magnetic data of 1 are fitted to the following equation, where N, g, β , and k have their usual meanings
This simulation procedure works well over the whole temperature range (see the line in Fig. 6 ) with the parameters g = 3.40 and J = −12.55 cm −1 . The negative J value further confirms that there is a weak antiferromagnetic interaction between the Co(II) centers. The theoretical expressions for 1 not only indicate the occurrence of weak coupling interactions between the metal ions through a -O-W-O-bridge but also support the structure of 1.
Conclusions
In summary, a new extended solid framework composed of transition metal cations (M = Co 2+ ) and paradodecatungstate-B clusters has been obtained and characterized. In this compound, paratungstate clusters serve as eight-dentate ligands and link the metal ions into high-dimensional structures. The magnetic studies of compound 1 indicate that there exist weak antiferromagnetic interactions. The isolation of compound 1 shows that paradodecatungstate-B clusters are good inorganic ligands for designing highly connected and high-dimensional structures with specific properties.
Experimental Section

General procedures
All reagents were commercially available and were used without further purification. Na 10 
spectrophotometer in the range 400 -4000 cm −1 . 
X-Ray crystallography
X-Ray diffraction data were collected on a SMART CCD diffractometer with graphite-monochromatized MoK α radiation at r. t. The structure was solved with Direct Methods and refined with full-matrix least-squares on F 2 with the SHELX-97 program package [42] . The non-hydrogen atoms were located with difference Fourier syntheses. The crystallographic data are listed in Table 1 , and selected bond lengths and bond angles are presented in Table 2 .
Further details of the crystal structure investigation may be obtained from Fachinformationszentrum Karlsruhe, 76344 Eggenstein-Leopoldshafen, Germany (fax: +49-7247-808-666; e-mail: crysdata@fiz-karlsruhe.de, http://www.fizinformationsdienste.de/en/DB/icsd/depot anforderung.html) on quoting the deposition number CSD-419938.
